It is known that there is a strong relationship between chronic pain and depression, and both of these diseases can intensify each other. In addition to mental illnesses, there are also a number of somatic symptoms, including pain. While pain, especially chronic, is always associated with mental suffering, which can aggravate the symptoms of depression. Proper and timely identification of coexistence of these conditions allows for effective and safe pharmacotherapy.
Introduction
Chronic pain is a widespread pathology affecting 20% -30% of adults [1] . According to the definition of pain adopted by the International Association for the Study of Pain, pain, regardless of the triggering factor, is always associated with stress and mental suffering, which may intensify the symptoms of depression [1] [2] [3] .
Depression is the most prevalent of all mental illnesses. The oldest depiction of depressive states includes the humorous theory of Hippocrates, who first noted that mental illness is due to natural causes rather than to the supernatural [4] . It is known that depression is characterized by a particularly intense, long-lasting depression in which feelings, apart from mental illnesses, such as: feeling helpless, low self-esteem, constant despair, and loss of feelings, may manifest a number of somatic symptoms including pain, migraines or chronic musculoskeletal pain [5] [6] [7] [8] [9] [10] [11] [12] . Somatic symptoms occur on average in approx. 30-54% of depressed patients treated in specialized psychiatric centres [13, 14] . It has been shown that people with depressive disorders have a lowering of the pain threshold and a stronger emotional and cognitive perception of pain, which eventually becomes a chronic pain [15] .
The specific consequences of chronic pain in the course of depression (as compared to pain-free Review Danuta Szkutnik-Fiedler depression may not have a somatic background [18] . Chou et al. [6] argue that patients with depression are often diagnosed with headaches or muscle pain, including lower back pain. Comparing the associations of lower back pain, depression, and anxiety with other non-lowerback pains between orthopedic outpatients with chronic low back pain showed that some other pains, such as a headache, chest pain, and general muscle pain, appeared to be more strongly associated with depression than with the pain intensity of low back pain. The results of a meta-analysis by Bair et al. [19] indicate that the frequency of pain reporting in psychiatric patients varies from 15% to even 100% (on average 65%).
It has been shown that in patients hospitalized for major depression, at least one symptom of pain (e.g., a headache, back pain, abdominal pain or musculoskeletal pain) was reported by 92% of respondents, and 76% with many painful ailments. Men more often declare muscular pains and women report headaches and chest pain [41] . Pain may also occur in patients with less severe depressive disorders such as dysthymia, bipolar affective disorder, minor depression, or incomplete remission in severe depression [42] . In primary care, pain is declared by nearly 70% of depressed patients, compared to 38.6% of patients without depression [43] . In the meta-analysis conducted by Agürer-Ortiz et al. [15] , it was found that in 3566 adult patients with depressive disorders, pain occurred in 59% of subjects, more frequently in women than in men and more often in patients > 50 years of age. The pain most often concerned the back area and the sacral area. Researchers have shown that depression has a significant impact on pain perception, regardless of the existence of pain stimuli. Ohayon and Schatzberg's study [44] on a group of 18,980 people aged 15 to 100 showed that 43.4% had at least one type of pain, showed an episode of depression in 4%.
Depression and painful symptoms
Depression is seen in about 50% of patients with chronic pain [3, 5, 8, 24] . Major depression occurs in 53% of patients in pain clinics, 38% in psychiatric clinics, 56% in orthopedic and rheumatology clinics, 85% in dental clinics dealing with craniofacial pain and 13% in gynecological clinics. Patients with at least two pain ailments are 6 to 8 times more likely to develop depression. Patients who have been in pain for over six months have also been reported depression) are the longer duration and higher exacerbation of depressive episodes, less efficacy of antidepressants, deterioration in the quality of life, more frequent visits to the physician [16, 17] . The severity of the depression is proportional to the intensity of the pain experienced [13] [14] [15] [16] [17] .
Three common symptoms of depression and chronic pain are emotional symptoms (irritability, anxiety, excessive worry, crying, depressive style of thinking, obsessions), somatic symptoms (sleep and appetite disorders, reduced psychomotor efficiency and life energy, impairment of concentration and attention) and symptoms related (guilt, sadness, loss of interest, suicidal tendencies) [1, 3] . Therefore, although chronic pain and depression are separate pathological conditions, they often co-exist and affect each other negatively [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . This is due, among other things to their common neurobiological component -decreased serotoninergic and noradrenergic activity, increased proinflammatory cytokines and neurotrophins [18] . It is also known that specific limbic brain structures (prefrontal cortex, medial frontal cortex and frontal cortex of the rim of the rim, amygdala, hippocampus) are responsible not only for regulating mood, emotions or memory processes but also for processing impulses associated with the conduction and sensation of pain [3, [28] [29] [30] [31] [32] [33] .
It has also been shown that both in the course of depression and in the case of chronic pain, there are similar changes in activity and blood flow in the brain, especially in the area of the cortex. The role of neuroplasticity in the occurrence and development of chronic pain and depression in the question is not without significance.
Neuroplasticity mechanism changes are a potentially significant route for the onset and aggravation of these two diseases [3, 34, 35] . However, the coexistence of pain and depression is not dependent on common anatomical locations. It is also essential to have a common potential genetic background, e.g., the polymorphisms of the catecholamine-O-methyltransferase gene are important in susceptibility to depression but are also strongly associated with variability in experimental pain sensitivity [36] [37] [38] [39] [40] .
Pain Associated with Depression
Depression may increase the risk of a headache, chest pain and musculoskeletal pain within the next three years after its diagnosis [5] . However, pain complaints reported by patients with
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Wasilewski et al. [5] in an epidemiological study on the population of mental health and neurological clinics in Poland (3726 women and 2116 men), showed a statistically significant relationship between the severity of pain and depression, anxiety, as well as suicidal thoughts. Patients with more severe depression and anxiety symptoms also have an increase of pain problems.
It has been shown that depression is not diagnosed in approximately 50% of cases reported to doctors due to somatic symptoms accompanying depressive disorders. This is a significant problem because pain is the first symptom of depression [5, 15, 42] .
In patients with malignant neoplasia with severe pain, the risk of depression is more than double that of patients with less severe pain. However, the risk of depression in cancer cases can often be independent of the presence of pain [45] .
In the case of advanced rheumatic diseases, depression may occur in 68% of patients, 22% are symptomatic of the development of depressive disorders [45, 46] . However, the results of studies in young patients aged 14 to 20 hospitalized for rheumatic or neoplastic disease indicate that only 7% of patients with arthritis and 9% of patients with cancer have depression. This may be due to, among other reasons, patients hiding the symptoms of the depressive disorder. Also, the severity of the above conditions in these patients was quite low. However, it was shown that with the increase in the degree of pain experienced, the number of reported symptoms of depressive disorders increased [45] .
Depression is also very common in patients with migraines (approximately 57%) and patients with tension headaches (51%) [5, 7, 9, 11, 12, [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] . Psychiatric comorbidities are more common among persons with a chronic migraine than among those with episodic migraines [11] . Jette et al.
[52] in a study on a group of 36,984 migraine sufferers showed that migraine is associated with the major depressive disorder, bipolar disorder, panic disorder, and social phobia which results in poorer health-related outcomes compared with migraine or a psychiatric condition alone. Molgat and Patten [54] showed a strong correlation between the incidence of severe depression and migraine in a study of the Canadian population (over 130,000 sample). Patients with migraine are 2-4 times more likely to develop lifetime major depressive disorder, predominantly due to similar underlying pathophysiologic and genetic mechanisms [47, 48, 53, 58] . Also, psychiatric comorbidities may be a risk factor for migraine chronification (i.e., progression from episodic to a chronic migraine) [11] and many migraine patients with depression are inadequately treated [12] .
Treatment of depression
The simultaneous occurrence of pain and depression requires proper pharmacotherapy to alleviate both pain and depressive disorders. Polypharmacotherapy carries a risk of drug interactions that are dangerous for health and life. Numerous clinical studies have demonstrated that most of the currently used antidepressants also have pain-relieving effects, especially tricyclic antidepressants (TCA) and serotonin-norepinephrine reuptake inhibitors (SNRIs). In addition, mirtazapine and mianserin are also used [59, 60] . It is believed that these drugs, compared to selective serotonin reuptake inhibitors (SSRIs), exhibit higher independent depressive symptoms, analgesic efficacy in such pain syndromes as diabetic neuropathy, fibromyalgia and tension and migraine headaches [60] [61] [62] [63] .
SNRIs such as serotonin and noradrenaline reuptake inhibitors suppress nociception at the level of the spinal cord, inhibit sodium channels and activation processes of N-methyl-D-aspartate (NMDA) receptors, demonstrating the synergy of action with opioid analgesics [60] . In addition to the potential of opioid analgesia, they also cause a reduction in muscle tone and anxiolytics [60, [62] [63] [64] . However, studies by Jaracz et al. [65] indicate the similar efficacy of SNRI and SSRI in relieving unexplained painful physical symptoms associated with depression. In patients with severe depression, comparable analgesic efficacy has been demonstrated for venlafaxine, escitalopram, and nortriptyline [66] . From the SNRI group, venlafaxine and duloxetine are often used in practice. These drugs are effective in the treatment of peripheral neuropathic pain, in the treatment of low back pain, shoulder pain, and fibromyalgia [67] [68] [69] [70] .
Opioids in Treating Depression

Buprenorphine and its new analogues
Clinical and pre-clinical studies have demonstrated the efficacy of buprenorphine and its novel analogues in the pharmacotherapy Review Danuta Szkutnik-Fiedler of depression [3, [71] [72] [73] [74] [75] [76] . Ahmadi et al. [73] suggest that a single high-dose of buprenorphine provides a safe, speedy and straightforward means of depression, especially in patients who are opioid dependent. Due to the knowledge that the κ receptor antagonists have the potential for treating neuropsychiatric disorders, Almatroudi et al. [74] investigated the pharmacology of a novel buprenorphine analogue, BU10119 in CD1 mice. BU10119 is a mixed κ/μ receptor antagonist with relatively short-duration κ antagonist activity. It was shown that this buprenorphine analogue has therapeutic potential for the treatment of depression and other stress-induced conditions. Almatroudi et al. [75] also showed that co-administration of buprenorphine with naltrexone in CD-1 mice produced an antidepressant-like response in behaviours in both the forced swim test and novelty-induced hypophagia task what means that this combination represents a novel approach, to the treatment of depression. According to a study by Karp et al. [71] , buprenorphine provides rapid and sustained improvement for older adults with treatment-resistant depression. A low-dose of buprenorphine sharply decreased major depression severity during the first three weeks of treatment. Side effects, like nausea and constipation, were not sustained. Vital signs and weight were stable, and the executive function and learning improved. Fava et al. [72] studied the antidepressant activity of a combination of buprenorphine and a μ-opioid antagonist, samidorphan in patients with major depression. They showed significantly greater antidepressant effects for this combination compared to the placebo and concluded that it might be a promising candidate for the treatment of a major depressive disorder in patients who have an inadequate response to standard antidepressants.
Tramadol
Regarding chemical structure and mechanism of action, tramadol (2-(dimethyl aminomethyl) -1-(3-methoxyphenyl) cyclohexane-1-ol hydrochloride) is similar to venlafaxine [77] . Tramadol is also a serotonin and norepinephrine reuptake inhibitor has antidepressant action, which has been proven in numerous preclinical studies [77] [78] [79] [80] [81] [82] [83] [84] [85] and clinical observations [78] . The tramadol anti-depressant effect can be translated, e.g., in that this opioid increases the density of α 1 -adrenoreceptors and decreases the density of α 2 -adrenoreceptors [79] [80] [81] [82] , causes up-regulation of dopamine D2 and D3 receptors in the rat nucleus accumbens [79] and interacts with the imidazoline I 2 receptors [86] . Also, the ability of tramadol to modulate opioid receptors [87] , its impact on the serotonergic system [80, 84] , and on L-arginine-nitric oxide-cyclic guanosine monophosphate pathway [80] and potassium channels [88] is not insignificant. Our studies have also shown that combination of a low-dose of tramadol (5 mg/kg) with venlafaxine caused an increased antidepressant effect compared to tramadol and venlafaxine administered alone, with no effect on locomotor activity or motor coordination in rats [77] . We have also shown that tramadol improves spatial memory in rats [89] , as evidenced in the literature [90] [91] [92] [93] [94] . The results of studies carried out by Mintzer et al. [93] indicate, for example, that tramadol administered in large doses (up to 800 mg per day) compared to morphine has a positive effect on cognitive functions in opioid addicts. It has also been shown that the use of tramadol in patients with chronic non-cancer pain may improve cognitive function in patients [95] . Moreover, tramadol improves memory functions in healthy volunteers [96] , recreational drug users [90] , post-operative patients [92] and patients with catatonia [78, 94] . However, Bassiony et al. [97] demonstrated that cognitive, including memory, impairment occurs commonly among tramadol-abuse patients and there was a significant association between cognitive impairment and polysubstance abuse.
Long-term use of tramadol and buprenorphine in relieving symptoms of depression
It is known that long-term use of opioids, especially in high doses, may lead to addiction, physical dependence, withdrawal syndrome, and tolerance. Chronic pain and depression or stress facilitate addiction in that they result in maladaptive disruptions to the body's neuronal and hormonal system, that in turn, can affect the mesolimbic dopaminergic pathways. Therefore, chronic pain itself may set the stage to make a patient more likely to perceive opioids as rewarding and thus addictive [98] . However, in the case of tramadol [98] [99] [100] and buprenorphine [98, 101] the risk of addiction might be lower than other opioids.
In case of tramadol addiction and withdrawal symptoms appear more frequently when using this drug in high doses. It seems that tramadol-dependence dose is more important than duration of use [99] . Tramadol may also have a relatively lower potential for abuse than
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Buprenorphine is a partial agonist at the μ opioid receptor and an antagonist at the κ receptor, and has a good affinity for the δ opioid receptor [3, 71] . The lower abuse potential of buprenorphine is consistent with its partial agonist effects and the resultant ceiling on maximal results produced. Due to these facts, buprenorphine also has a lower level of physical dependence (less withdrawal discomfort) and greater safety in overdose compared with opioid full agonists. Moreover, buprenorphine's pharmacological and safety profile makes it an attractive treatment for patients addicted to opioids because may displace opioid full agonists from the opioid receptors [98, 101] .
Several studies have also shown that tramadol [77, 78, 80] and buprenorphine [71, 101] have an antidepressant effect even at low doses, which may reduce the risk of addiction.
So, it seems, that long-term consumption of low doses of tramadol or buprenorphine in relieving symptoms of depression should lead to addiction to a lesser degree than do other opioids.
The role of tramadol and buprenorphine in the inactivation of cycle pain-depression
It has to be noted that depression may prolong the duration of opioid consumption and the long-term use of opioids has been shown to increase the risk of depression [3, 100] . All three standard types of opioid receptors μ, κ and δ are involved in regulating mood [1, 3] . The occurrence and development of depression include many neurotransmitter systems that are associated with changes in neuroplasticity. The opioid receptors may achieve antidepressant effects by regulating these neurotransmitter systems, e.g., the μ receptor -by controlling the activity of serotonin neurons, and the κ receptor -by directly inhibiting the release of dopamine. The δ receptor-knockout mice exhibit increased depressive-like behaviors, so this receptor may also be a potential antidepressant target [3] . Due to the mechanisms of action of tramadol and buprenorphine [71] [72] [73] [74] [75] [76] , it may be concluded, that both drugs may enhance synaptic plasticity and achieve the purpose of antidepressant therapy by adjusting neurotransmitter systems [3] . Therefore, the treatment by tramadol or buprenorphine in relieving symptoms of depression may be involved in the inactivation of cycle pain-depression.
Neurodegeneration as the primary defect in the induction of depression and chronic pain cycle
It was documented that frontal-limbic dysfunction may be considered as a common factor for both depression and chronic pain and the pattern of activation of brain structures involved in pain processing seems to be abnormal in depression [18] .
Neurodegeneration may specifically involve the somatosensory system, thus making a neuropathic origin of pain, or it may affect cortical and subcortical structures of the brain involved in pain modulation [102] . Dellarole et al. [103] showed a temporal relationship between neuropathic pain and the occurrence of depressive-like symptoms as well as structural neuroplastic and white matter impairments of the hippocampus. They hypothesized that chronic neuropathic pain-induced depression might be dependent on hippocampal tumor necrosis factor (TNF) through TNF receptor 1 (TNFR1) and is associated with different forms of hippocampal changes such as reduced neurogenesis, neuronal plasticity, and myelin remodeling. Other neuroplastic changes such as reduced spine density and dendritic retraction, were also described in animal models of depression or pain [103] . Therefore, it can be stated, that neurodegeneration is the primary defect in the induction of depression and chronic pain cycle of intensification.
Tramadol and buprenorphine for the treatment of neurodegenerative diseases that involve depression and chronic pain
Due to the pharmacological properties of tramadol and buprenorphine described above, these opioids seem to be useful for the treatment of pain and depression in patients with neurodegenerative diseases. It was also demonstrated that buprenorphine treatment leads to an improvement in regional cerebral perfusion abnormalities [104, 105] , while tramadol significantly attenuates behavioral, biochemical, mitochondrial and histological alterations in animal studies (intracerebroventricular-streptozocin sporadic dementia of Alzheimer's type Wistar rats) [106] .
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It might suggest the neuroprotective potential of these opioids.
Tramadol is recommended as a second-line treatment of neuropathic pain which is one of the most common types of pain in patients with neurodegenerative diseases [107] .
However, intoxications due to opioids are very common, and in many cases, toxic mechanisms of drugs are not fully understood. It should be taken into consideration that some animal studies have shown that chronic use of tramadol in increasing doses may be associated with neuronal degeneration in the brain and finally cerebral dysfunction. Faria et al. [108] showed for example that exposure to tramadol might cause brain injury, evidenced by the increased lactate levels, and histological damage, namely swollen neurons, poorly defined nuclear membranes and neuronal death.
Tramadol and buprenorphine as effective pharmacotherapy with relevance to other drugs consumed with chronic pain and depression
It seems that the use of tramadol and buprenorphine involve effective pharmacotherapy with relevance to other drugs consumed with chronic pain and depression. It can be due to their antidepressant activity, less risk of addiction and physical dependence, as was described above. Moreover, buprenorphine's pharmacokinetics is not influenced by age, and renal function [3] and this opioid may be successfully used in the treatment of opioid addiction [101] . While tramadol also has anti-inflammatory activity and is useful in the treatment of neuropathic pain [87, 107] .
However, extensive using of these drugs in the treatment of chronic pain-induced depression should be further studied.
Conclusion
In conclusion, in addition to the range of anti-depressants with an analgesic effect, the results of research on the possibility of using buprenorphine or tramadol in the treatment of patients with chronic pain and coexisting depression seem promising.
It should be borne in mind that there is a strong relationship between these two diseases, which may intensify each other. This is due, among other things, to similar biochemical mechanisms and to the fact that the same areas of the central nervous system are responsible for the feeling of pain and depression. Correct diagnosis of the coexistence of these conditions, i.e., a prematurely diagnosed depression in a patient with chronic pain, and not ignoring the pain in a depressed patient, can lead to an effective and safe pharmacotherapy of both disorders. 
